RAS/RAF pathway activation in gliomas: the result of copy number gains rather than activating mutations.
Aberrant RAS/RAF signaling has been reported to be important for many tumor types including gliomas. Activation of the RAS/RAF pathway can result from oncogenic mutations of RAS/RAF itself. However, such mutations have only occasionally been reported in gliomas. In order to further elucidate the role of RAS/RAF pathway activation in a histopathological and genetic spectrum of glioma subtypes (n = 93), we evaluated different types of aberrations in this pathway. Hotspot mutation analysis of BRAF, NRAS, KRAS, and HRAS revealed only two mutations, V600M in BRAF and G10E in NRAS, both occurring in pure oligodendroglial tumors. However, CGH analysis of 87 tumors revealed copy number gains including the above mentioned oncogenes in 38 of the neoplasms (44%) and including the upstream growth factors EGF, PDGF, IGF, FGF, TGF and/or their receptors in 46 tumors (53%). Phosphorylated MAPK (i.e. the activated compound downstream the RAS/RAF pathway) was detected by immunohistochemistry using tissue micro-arrays in the majority of gliomas. Interestingly, a significant correlation was found for nuclear MAPK-P staining and the number of these copy number gains (<or= 2 and >or= 3). These results indicate that RAS/RAF pathway activation in gliomas is achieved much more frequently by copy number gains including RAS/RAF and/or upstream growth factor (receptor) than by activating RAS/RAF mutations.